Abstract: The available energy of several poultry by-product meal products were determined by various experimental methods. It is imperative to determine the accurate available energy value for these products for proper diet formulation and product usage. Leghorn roosters and turkeys were tube fed the products for the assay based on the True Metabolizable Energy (TME) system. Three week old battery reared chicks and poults were fed each product as 50% of a basal diet. The birds were fed for three days with total consumption and excreta measured. Apparent Metabolizable Energy (AME) was then calculated. Endogenous pens were included to make adjustments for AME. Lastly, ileal contents of the chicks and poults were collected to determine ileal AME. There were few differences in assay methodologies noted. Significantly different ME values among assay techniques were found in only four of 15 products. The variable nature of poultry byproduct meal led to significant differences in mean ME values among products. There was no difference between pooled AME and TME values, or species. It appears that the TME values commonly determined with Leghorn roosters is acceptable for broilers and turkeys. An effort was made to develop an equation that could predict the TME value of a poultry by-product meal product given the proximate analysis and mineral composition. The first equation, using proximate and mineral data, was inadequate with an R = 0.11. Adding 2 the gross energy as a predictor variable greatly improved the effectiveness of the prediction equation (R = 2 0.98).
Introduction
A feedstuff readily available for poultry rations is poultry by-product meal. It is usually composed of the wastage from poultry meat processing. While typically higher in protein content and lower in mineral levels, poultry byproduct meal also suffers the same variability found in meat and bone meal. This is largely due to the inclusion of other tissues, such as feathers, and differences in rendering procedures (Elkin, 2002) . Poultry by-product meal may be a more desirable product if an accurate metabolizable energy value can be readily determined. Most energy values are based on Leghorn rooster evaluations, while species differences have been shown (Farhat et al., 1998; OstrowskiMeissner, 1984) . Employing both chickens and turkeys, it w as the objective of this study to determine the metabolizable energy availability of several poultry byproduct meals using the true metabolizable energy (TME) system and both ileal and excreta M E measurements, with an adjustment for endogenous loss. The proximate analysis, mineral composition, gross energy of the feedstuff, and the nitrogen corrected TME ( TME ) were used in an effort to develop a n n equation that nutritionists could use to rapidly determine the nutritive value of a poultry by-product meal product.
Materials and Methods
Fifteen poultry by-product meals were obtained through commercial sources. The proximate and mineral composition of each sample was determined (AOAC, 1970) . The available energy of each product was established by each of four assays for both species, a 2 x 4 factorial design. The first assay was based o n Sibbald's TME system (1986). Modifications were made for cecectomized roosters and intact turkeys. For both species, birds were not allowed feed for 36 hours. This was to ensure adequate clearing of the gastrointestinal tract. After the feed withdraw, the birds were tube fed a measured quantity of product and placed in metabolism cages. Roosters received 30 grams and turkeys received 75 grams of a poultry by-product meal. Each product was replicated eight times as well as eight replications for endogenous collection. Excreta were collected for 48 hours. The excreta were then dried at 60EC in a forced air oven and weighed. The gross energy of the feed and the excreta content were determined via bomb calorimetry. Nitrogen content of feed and excreta were also determined by LECO analysis (AOAC Method 990.03) for nitrogen correction. An example of the calculation for TME follows: n TME = GE -GE + GE n n feed n fed excreta n fasted excreta
Where the GE of the excreta from fasted birds was used n to correct for endogenous loss. Excreta were nitrogen corrected to maintain a zero nitrogen balance offset from fasting and yield a TME value. The second two assays were designed based on the ME system of Anderson et al. (1958) to determine the nitrogen corrected apparent metabolizable energy (AME ) and AME adjusted for endogenous loss (aAME ) n n via battery studies. In poultry species, an AME value is calculated by subtracting the gross energy of the excreta from the gross energy of the feed (NRC, 1994) . Fivehundred and ten commercial strain broilers and 510 commercial turkey hens were obtained at the day of hatch and reared to 24 days of age. A basal diet was calculated (Table 1) to meet all nutritional needs recommended by the National Research Council (1994). Chicks and poults were reared in multi-tiered wire floor batteries. They were allowed access to feed and water ad libitum with constant lighting. There were five birds placed in each battery pen. Dietary treatments were made by diluting the basal diet with the addition of each product at 50%. The 24 hours prior to the start of the assay, feed was removed to allow time for clearing of the gastrointestinal tract. On day 21, birds were allocated to pens at random and treatments were assigned via a random number table. There were six replicate pens per treatment plus another six pens receiving the basal diet. Six pens were withheld from feed while the total excreta was collected to serve for endogenous measurements. Total feed intake and total excreta for all pens were measured. Feed and excreta were also nitrogen corrected for uniformity. The trial was conducted at 24 days of age. The AME and aAME were calculated as n n follows: AME = GE -GE n n feed n fed excreta aAME = GE -GE + GE n n feed n fed excreta n fasted excreta
The energy determinations of feed and excreta were adjusted for the basal diet energy contribution in a manner suggested by Sibbald and Slinger (1963) . Briefly, the ME of the basal diet accounted for half of the ME of each treatment. The ME of each product was then calculated. The fourth assay was based on ileal collection i n determining AME. At the end of the trial, the chicks and poults were euthanized by cardiac puncture with a sodium phenobarbital solution to prevent movement of digesta in the gut. A sodium phenobarbital solution depresses the central nervous system and therefore intestinal contractions (Barnhart, 1990) . The contents of the ileum were collected from Meckel's diverticulum to the ileocolic juncture. Meckel's diverticulum was chosen because it is considered the end of the jejunum and the start of the ileum. Most digestion and absorption of carbohydrates, proteins, and fats occur in the duodenum and jejunum. Microbial fermentation occurs after exiting the ileum. Therefore, ileal contents should provide an adequate measure of metabolizability of a product (Scanes et al., 2004) . Chromic oxide was added a t 0.05% of the diet as a marker. All samples were pooled by pens. Feed and digesta were also nitrogen corrected for uniformity. The following equation was used t o determine AME :
Analysis of variance was conducted on assay methods for each product, pooled AME and TME values, pooled n n chicken and turkey values, and pooled digesta and excreta values. A Tukey-Kramer test was used t o determine differences in means when appropriate. The level of significance was set at 0.05. Once all data were compiled (Table 2 and 3), a multiple regression equation was used for prediction of the TME n value of a poultry by-product meal given the nutrient composition. Crude protein (CP), moisture, ash, fat, carbohydrates (CHO), gross energy (GE), calcium (Ca), phosphorus (P), sodium (Na), potassium (K), and iron (Fe) were used as predictor variables. Stepwise regression was used to determine which predictor variables were significant for a prediction equation. All data were analyzed with the JMP version of SAS. All procedures complied with the laboratory's Standard Operating Procedures and the University of Missouri's Animal Care and Use guidelines.
Results and Discussion
Overall, the ME values of poultry by-product meal products appear in line with the recommendation of the National Research Council (1994), with a TME of 3,120 n kcal/kg. There were few differences in methodology for determining metabolizable energy. Only four of the 15 units. ME System refers to battery reared birds and TME 3 System refers to tube fed birds. Digesta and excreta samples 4 were collected from battery reared birds and total samples were collected from tube fed birds. products resulted in significantly different ME values among methods. Of those four, two were nearly insignificant. There were no consistent differences in methodologies among products, (Table 3) . Other values were relatively consistent. These results indicate that any methodology used to determine the ME of a poultry by-product meal will yield similar values. There appears to be no difference between the battery ME System of Anderson et al. (1958) and Sibbald's TME System (1986) (Table 4 ). This would indicate that tube feeding may be in used place of battery trials and still obtain similar results. Dale and Fuller (1982) found that TME values are an adequate measure of metabolizable energy values. The TME System has the advantage of being less expensive to conduct, using less feed, fewer animals, and taking much less time. There were also no differences in the ME values among collection methods. Ileal contents provided similar values as excreta (Table 4) . However, there is some question as to the reliability of some marker methods (Schneider and Flatt, 1975; National Research Council, 1994; Scott and Boldaji, 1997; Scott and Hall, 1998) . There were differences in the average ME values among poultry by-product meal products (Table 5 ). This i s undoubtedly due to differences in nutrient composition, reinforcing the variability of the feedstuff ( Table 2) . As with meat and bone meal, a variety of tissues may compose the final rendered product. Poultry by-product meals may be composed of offal, carcasses, feathers, or a combination of tissues. One of the important goals of these experiments was to find differences between chickens and turkeys. The data revealed no differences between the pooled ME values of chickens and turkeys (Table 4 ). This indicated that the values commonly found for chickens, and Leghorn roosters in particular, can be applied to broilers and turkeys as well. Dale and Fuller (1980) found a similar agreement among roosters, broilers, and turkeys. The ME values from this trial were similar to the n National Research Council's (1994) suggestion of 3,120 kcal/kg. Others have found varying results. Pesti et al. (1986) determined the average TME value of poultry byn product meal to be 3,920 kcal/kg with a standard error of 70 kcal/kg. Han and Parsons (1990) found TME values n between 2,863 and 3,390 kcal/kg. Dale et al. (1993) found a TME range between 3,626 and 5,247 kcal/kg for n poultry offal meals. Dale (1992) also found TME values n ranging from 3,092 to 3,996 kcal/kg for feather meals. The development of a prediction equation based on proximate and mineral analysis was unsuccessful. The best equation for poultry by-product meal yielded an R =0.11, with crude protein being the only significant 2 variable (Fig. 1) . The equation generated was as follows: TME = 4491.3 -28.1*(CP) (R = 0.11) n 2 Using gross energy greatly improved the accuracy of the prediction equations. The R to 0.98 ( Dale et al. (1993) obtained an 2 R value of 0.81 in predicting the TME value of poultry 2 n offal meal. Pesti et al. (1986) found an R value of 0.93 2 for poultry by-product meal. However, this trial examined nearly twice as many products. Pesti et al. (1986) has fewer data points to fit a line to by analyzing fewer samples. While this may improve the R value, it is 2 difficult to achieve the same variability seen i n commercial meals. Protein quality may be a large factor in the variability of a poultry by-product meal. Since poultry by-product meal is approximately 60% protein, a large portion of the 
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